Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 06-290926 
(43)Date of publication of application : 18.10.1994 



(51)lnt.CI. 



H01F 1/34 
C01G 49/00 
C04B 35/38 



(21 Application number : 05-074302 
(22)Date of filing : 31.03.1993 



(71 Applicant : NIPPON STEEL CORP 

(72)lnventor : SASAKI NORIMASA 

ITO KAORU 
OHASHI WATARU 



(54) MN-ZN FERRITE MAGNETIC MATERIAL 

(57)Abstract: 

PURPOSE: To provide Mn-Zn ferrite magnetic material which is burned at a low temperature, high in 
density, small in evaporation of Zn, and low in power loss, wherein the magnetic material is used for a 
transformer or an inductor of a switching power supply. 

CONSTITUTION: Mn-Zn ferrite magnetic material powder is mainly composed of 10 to 87wt.% of Fe203, 
10 to 50wt.% of MnO, and 3 to 40wt.% of ZnO, and 0.005 to 0.100wt.% of Si02, 0.010 to 0.500wt.% of 
CaO, 0.010 to 0.500wt.% of TiO, 0.005 to 0.100wt.% of V205, and 0.005 to 0.100wt.% of Nb205 are 
added to Mn-Zn ferrite magnetic material powder at the same time, and the mixture of powders is burned at 
a temperature range of 800 to 1200°C into a burned body 4. 8g/cm3 or above in burning density, whereby a 
low-loss Mn-Zn ferrite remarkably lessened in burning cost can be obtained. 
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CLAIMS 

[Claim(s)] 

[Claim 1]As the main ingredients, by weight %, MnO: 10-50% and ZnO:3-40%, have the presentation of 
Fe 2°3 :1 ° t0 87% **' and as a trace element, Si0 2 : 0.005-0.100%, CaO : 0.010 to 0.500%, Ti0 2 : 0.010- 
0.500%, V 2 O 5 :0.005-0.100%, A Mn-Zn ferrite magnetic material which is characterized by composition 
difference of ZnO in the surface and an inside being 0.5 or less % of the weight as for Nb 2 0 5 :density more 

3 

than of 4.8g/cm which contained 0.005 to 0.100% simultaneously. 

[Claim 2]. Made said principal component composition into Fe 2 O 3 :71.5**2%MnO:22.5**2%ZnO:6.0**2% by 

weight %. More than density 4.8 g/cm 520 or more mT of saturation magnetic flux densities, 170 or less mT 

of residual magnetic flux densities, magnetic flux density 200mT, the low-loss Mn-Zn ferrite magnetic 

3 

material according to claim 1 whose loss value in below 300 kW/m , magnetic flux density 50mT, and 

3 

frequency of 500 kHz a loss value in frequency of 100 kHz is below 70 kW/m . 

[Claim 3]By weight %, MnO: 10-50%, ZnO:3-40%, Fe 2 0 3 : 10-87%, To Mn-Zn [ ** and others ] ferrite 

precursor powder, SiO 2 :0.005-0.100%, CaO : 0.010 to 0.500%, TiO 2 :0.010-0.500%, By adding V 2 O 5 :0.005- 

0.100% and Nb 2 O 5 :0.005-0.100% simultaneously as an additive, with calcination temperature of 800-1200 

**. Composition difference of ZnO in the surface and an inside of more than density 4.8 g/cm is a 
manufacturing method of 0.5 or less % of the weight of a Mn-Zn ferrite magnetic material. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the low-loss Mn-Zn ferrite magnetic material used as core 

materials, such as a transformer and an inductor, and its process. 

[0002] 

[Description of the Prior Art]ln recent years, the small weight saving of switching power supply is progressing 
with the miniaturization of electronic equipment. Development of the low-loss Mn-Zn ferrite magnetic 
material currently used as core materials, such as a transformer and an inductor, serves as the backdrop. 
As a low-loss Mn-Zn ferrite magnetic material, JP,3-163803,A, JP,3-141621,A, JP,3-248403,A, and JP,4- 
69905,A . JP,3-223119,A, JP,3-254103,A, and JP,2-30660,A . JP,2-54901,A JP,2-54902,A JP,2-122603,A, 
JP,2-124724,A, JP,2-183501,A, JP,2-153501,A, JP,1-143307,A, JP,1-259509,A, and JP,64-79016,A . 
JP,63-62206,A It is indicated in many gazettes, such as JP,63-255903,A, JP,63-260883,A, and JP,63- 
14406, A. 

[0003]By JP, 3-141 61 2,A, saturation magnetic flux density Bs/ residual magnetic flux density Br of a B-H 
loop 3.0 or more. [ especially ] The loss at the frequency of 100 kHz, magnetic flux density 200mT, and the 

3 

temperature of 100 ** is acquired for the transformer material for RF generators below 450 kW/m by 
independent addition of niobium oxide. On the other hand, it is clear that it is necessary to reduce not only 
the 100-kHz conventional loss but the loss by 500 kHz in view of the fact that the switching frequency has 
shifted to the high frequency of 100 to 500 kHz as a tendency of the latest switching power supply. That is, 
the low-loss Mn-Zn ferrite magnetic material in such a wide frequency range needs to be developed. 
[0004]By the way, in the process of the present typical Mn-Zn ferrite, weighing is carried out to the 
composition ratio that the magnetic properties which suited for the purpose of iron oxide Fe 2 0 3 which is a 

raw material first, manganese oxide Mn 3 0 4 , and the zinc oxide ZnO are acquired, and wet blending is 

carried out with a ball mill. Next, the obtained slurry is dried and temporary quenching is carried out at 800 ** 
- 1 100 **. After carrying out wet milling with a ball mill again, binders, such as poly vinyl alcohol, are added 
and corned, it fills up and presses in a metallic mold, and a required-shaped Plastic solid is acquired. 
[0005]Now, in the Prior art, this Plastic solid has been calcinated in the high temperature requirement (1250 
** - 1350 **), controlling the oxygen density of atmosphere. However, since consumption of a heat-resistant 
furnace material is intense because of such high calcination temperature and the amount of energy for 
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maintaining the temperature of a furnace at an elevated temperature is also huge, the actual condition is that 
cost is high inevitably. Zn evaporates during calcination that calcination temperature is an elevated 
temperature from the surface of a ferrite core, the presentation of a surface layer changes, and degradation 
of magnetic properties -- high magnetic permeability is not obtained -- is caused. 
[0006]ln order to lower such high calcination cost, In JP,63-222018,A, the trial which lowers calcination 
temperature to 1 150 ** with the additive of CaO, Si0 2 , and V 2 0 5 , Ta 2 0 5 , Sn0 2 , CuO, Na 2 0, and Ag 2 <D is 

made. Calcination at not less than 1 100 ** the temperature below 1250 ** is described by JP,3-268404,A. 
[0007]ln order to prevent degradation of the magnetic properties by evaporation of Zn, the method of using 
the case of the same presentation as a baking body, or calcinating the Plastic solid of a zinc oxide 
simultaneously is stated to JP,3-41708,A. 
[0008] 

[Problem(s) to be Solved by the lnvention]There is a technical problem of this invention in providing a low- 
loss Mn-Zn ferrite magnetic material with a low residual magnetic flux density with large saturation magnetic 
flux density with a small loss in - with a frequency domain of 100 kHz 500 kHz. It makes it possible 
simultaneously to obtain high sintered density also in calcination of 1200 ** or less, and is in providing the 
method of obtaining the low-loss Mn-Zn ferrite magnetic material which was excellent in magnetic properties 
with little evaporation of Zn by low temperature baking. 
[0009] 

[Means for Solving the Problem]This invention solves an aforementioned problem and the gist, (1) As the 
main ingredients, by weight %, MnO: 10-50% and ZnO:3-40%, have the presentation of Fe 2 O 3 :10 to 87%**, 

and as a trace element, Si0 o : 0.005-0.100%, CaO : 0.010 to 0.500%, Ti0 o : 0.010-0.500%, V o CL:0.005- 

2 2 2 5 

0.100%, A Mn-Zn ferrite magnetic material which is characterized by composition difference of ZnO in the 
surface and an inside being 0.5 or less % of the weight as for Nb 2 0 5 :density more than of 4.8g/cm which 

contained 0.005 to 0.100% simultaneously. 

(2) As the main ingredients, by weight %, Fe 2 0 3 :71.5**2% and MnO:22.5**2%, have the presentation of 
ZnO:6.0**2%**, and as a trace element, Si0 2 : 0.005-0.100%, CaO : 0.010 to 0.500%, Ti0 2 : 0.010-0.500%, 

V 2 O 5 :0.005-0.100%, . Nb 2 O 5 :0.005-0.100% was included simultaneously. More than density 4.8 g/cm 3 520 
or more mT of saturation magnetic flux densities, A loss value in 1 70 or less mT of residual magnetic flux 

3 

densities, magnetic flux density 200mT, and frequency of 100 kHz Below 300 kW/m . In a loss value in 
magnetic flux density 50mT and frequency of 500 kHz, composition difference the surface and inside below 

3 

70 kW/m and ZnO is 0.5 or less % of the weight of a low-loss Mn-Zn ferrite magnetic material. 

(3) As the main ingredients, by weight %, Fe 2 0 3 :71.5**2% and MnO:22.5**2%, have the presentation of 

ZnO:6.0**2%**, and as a trace element, Si0 2 : 0.005-0.100%, CaO : 0.010 to 0.500%, Ti0 2 : 0.010-0.500%, 
V 2 O 5 :0.005-0.100%, By using Mn-Zn ferrite precursor powder which contained Nb 2 O 5 :0.005-0.100% 

3 

simultaneously, More than density 4.8 g/cm 520 or more mT of saturation magnetic flux densities, A loss 
value in frequency of 100 kHz by 170 or less mT of residual magnetic flux densities, and magnetic flux 

3 3 

density 200mT Below 300 kW/m . Below as for 70 kW/m , composition difference the surface and inside 
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ZnO was acquired for a loss value in frequency of 500 kHz by magnetic flux density 50mT, 0.5 or less % of 
the weight of a low-loss Mn-Zn ferrite magnetic material was obtained by calcination with a calcination 
temperature of 800-1200 **, and calcination of 1 100 ** or less was enabled. 

[0010]The range of the above-mentioned ingredient was determined for the following reason. That is, since 
magnetic properties low-loss in Mn-Zn ferrite original would be lost if it separates from this, the range of 

principal component composition was limited, therefore, if an effect of this invention is restricted to the ability 

3 

to only calcinate [ that it is as high-density as more than 4.8 g/cm , that composition difference the surface 
and inside ZnO is 0.5 or less % of the weight, and ] at 800-1200 **, The range of principal component 
composition will be weight %, and will be MnO: 10-50%, ZnO:3-40%, and Fe 2 O 3 :10-87%. 

3 

[001 1]A loss by 500 kHz got worse and the range of Si0 2 and CaO became more than 300 kW/m , and 

above the above-mentioned upper limit, since it was the same and a loss value became high by generating 
of unusual grain growth, it was limited below at the above-mentioned lower limit. If Ti0 2 separates from a 

3 

mentioned range, a loss by 500 kHz becomes aggravation and more than 300 kW/m , above the above- 
mentioned upper limit, unusual grain growth will arise, similarly a loss value will get worse, and a crack will 
enter rarely below at a lower limit for internal stress. 

[0012]The range of V 2 0 5 and Nb 2 0 5 , In a presentation below the above-mentioned lower limit, if 800-1200 



** 



3 

calcination is performed, As for all, below sintered density 4.8 g/cm became, and above the above- 



mentioned upper limit, 520 or more mT was not obtained, but a hole remained in a crystal grain, and since 
500 kHz of both of the losses became high, 1 00 kHz of saturation magnetic flux densities were also defined 
in this way. An additive of these SiO(s) 2 , CaO, Ti0 2 , and V 2 0 5 and Nb 2 0 5 separates from a mentioned 

3 

range from at least one kind, or, If missing, in order to make sintered density more than 4.8 g/cm , 
calcination at not less than 1200 ** is needed, and since evaporation of Zn increases inevitably, composition 
difference the surface and inside ZnO will be 0.5 % of the weight or more. 

[001 3]A low-loss Mn-Zn ferrite magnetic material of this invention is obtained by calcinating from 5 hours at 
800-1200 ** for 15 hours, and changes an oxygen density of atmosphere according to calcination 
temperature in the case of calcination. 
[0014] 

[Function]As for the loss value in 500 kHz and 50mT, by this invention, the loss value in 100 kHz and 200mT 

3 3 

was acquired by a 300 kW/m less or equal and coincidence below for 70 kW/m . Incidentally 100 kHz of 
the low-loss material of the record level marketed now and the official announcement value of 200mT are 

3 

410 kW/m (100 **), and 500 kHz of the material of a record level and the official announcement value of 

3 

50mT are 80 kW/m (100 ) as high frequency low-loss material. 

3 

[0015]By this invention, with the conventional material, the sintered density which is below 4.8 g/cm 

3 

became more than 4.8 g/cm , therefore the saturation magnetic flux density which is usually 510 or less mT 
was set to 520 or more mT. When a residual magnetic flux density is also set to 170 or less mT, is actually 
carried in a power supply and is used as a transformer, the difference of the saturation magnetic flux density 
and the residual magnetic flux density used as the working range can be enlarged. 
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[0016]The place where the conventional material Mn-Zn ferrite magnetic material is sintered in a 1250-1350 
** temperature requirement as for the Mn-Zn ferrite magnetic material of this invention, Calcination in an 
800-1200 ** temperature requirement is possible, consumption of a heat-resistant furnace material can be 
reduced, and an amount of energy required in order to maintain the temperature of a furnace can be 
reduced substantially. Since it is low temperature baking, by the calcinating method, a place with 0.5 % of 
the weight or more of composition differences of the surface of a Mn-Zn ferrite magnetic material, and 
internal ZnO, this invention is stopped to 0.5 or less % of the weight, and there is little evaporation of Zn 
leading to degradation of magnetic properties, and it can usually apply it to high permeability materials etc. 
[0017] 

[Exam pie] Hereafter, the characteristic of the low-loss Mn-Zn ferrite magnetic material by this invention and 
the details of a process are explained. 

Example 1 : A total of 500g weighing of Fe 2 0 3 and Mn 3 0 4 and the ZnO was carried out, and it mixed with 

the ball mill simultaneously with the pure water 500g so that Fe 2 0 3 would be 71 .0 % of the weight, MnO 

would be 23.0 % of the weight and ZnO might serve as 6.0% of the weight of a presentation. Dry this 
powder, carry out temporary quenching in 800 ** and 2 hours, and Si0 2 0.050 % of the weight, By CaO 

conversion, V 2 0 5 was added for Ti0 2 0.400% of the weight 0.200% of the weight, 0.050 % of the weight 

was added for Nb 2 0 5 0.040% of the weight, and preferential grinding of the CaC0 3 was again carried out 

with the ball mill. 

[0018]PVA (poly vinyl alcohol) was added to the obtained powder 1% of the weight, the agglomerated 
powder prepared so that moisture might be 3.0**0.5% was made, and press forming was carried out to ring 

3 

shape the outer diameter of 25 mm, 1 6 mm in inside diameter, and 6 mm in height by pressure 2.5 ton/cm . 
Temperature up of this Plastic solid was carried out by 5 ** / hr to 500 **, and temperature up was carried 
out by 100 ** / hr to 1 100 **. Nitrogen gas was mixed in air at 800 ** on the way, and it switched to the 
atmosphere of 0.74% of the oxygen density. The temperature was lowered by 150 ** / hr to 500 **, having 
held for 5 hours and controlling an oxygen density, after amounting to 1 100 **, and furnace cooling was 
carried out after it. 

[0019]Thus, the place which coiled two four-turn leads at a time around the obtained ring shape core, and 
measured the loss value with the B-H analyzer (made by Iwasaki communication incorporated company), It 

was 50 kW/m 3 (80 **) in 280 kW/m 3 (80 **), 500 kHz, and 50mT at 100 kHz and 200mT. When the 
saturation magnetic flux density in applied magnetic field 800 A/m and a residual magnetic flux density were 
measured at the room temperature of 25 **, they were 529mT and 149mT, respectively. In 100 **, they were 
410mT and 60mT, respectively. The result of the density measurement by the Archimedes method was 4.93 

g/cm 3 . 

Example 2: Temperature up of the Plastic solid produced like Example 1 was carried out by 5 ** / hr to 500 
**, and temperature up was carried out by 100 ** / hr to 800 **. Atmosphere was switched at 800 ** and it 
held for 15 hours, and the temperature was lowered by 150 ** / hr to 500 **, controlling an oxygen density, 
and furnace cooling was carried out after it. 

3 

[0020]Thus, when the loss value of the obtained ring shape core was measured, it was 39 kW/m (80 **) in 
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295 kW/m 3 (80 **), 500 kHz, and 50mT at 100 kHz and 200mT. When the saturation magnetic flux density in 
applied magnetic field 800 A/m and a residual magnetic flux density were measured at the room 
temperature of 25 **, they were 522mT and 168mT, respectively. In 100 **, they were 400mT and 65mT, 

3 

respectively. The result of the density measurement by the Archimedes method was 4.87 g/cm . 
Example 3: In order to investigate the composition difference of Zn the surface and inside the calcinated Mn- 
Zn ferrite magnetic material, when the section of the ring shape core of Example 1 and Example 2 was 
ground and the presentation of near the surface and the central part was investigated by XPS, the result of 
Table 1 was obtained. 



[0021] 
[Table 1] 









ZnO ®ijfij£<D 


Pe 2 0 3 


MnO 


ZnO 




MnO 


ZnO 


nmmi 


71.7 


22.6 


5.7 


71.5 


22.3 


6.2 


0.5 




71.6 


22.5 


5.9 


71.6 


22.4 


6.0 


0.1 




68.5 


20.3 


11.2 


68.5 


20.3 


11.2 


0.1 


ttmn 


72.0 


22.7 


5.3 


71.6 


22.3 


6.1 


0.8 



[0022]ln Fe 2 0 3 , MnO the comparative example 1 71.0% of the weight 23.0 % of the weight, It is a Mn-Zn 

ferrite magnetic material by the conventional method of having calcinated the Plastic solid acquired like 
Example 1 in which ZnO has 6.0 % of the weight as the main ingredients, and Si0 2 is included 0.015% of 

the weight, and it contains 0.065 % of the weight for CaO as a minute amount additive at 1300 **. Example 3 
differs in principal component composition in Example 1, and is when a trace element is the same as 
Example 1. 

[0023]By the comparative example 1 , there is 0.8% of the weight or more of a difference to the composition 

difference of near the surface and the central part of ZnO being 0.5 or less % of the weight in Example 1 by 

this invention, and Example 2. Although the comparative example 15 describes magnetic properties, it turns 

out that Example 1 has little evaporation of Zn if the trace element of this invention is added and it calcinates 

at low temperature also by Example 3 of different principal component composition. 

Example 4 - Example 8: Example 4 when calcination temperature is changed - Example 8 were shown in 

Table 2. 

[0024] 

[Table 2] 
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CO 


(h r) 


(mT) 


(mT) 




g/cm J 


lOOhHZ 
EOOmT 


500kHz 
50mT 




8 0 0 


1 5. 0 


5 2 1 


1 6 8 


2 9 5 


3 0 


4. 8 7 




9 0 0 


1 0. 0 


5 2 2 


1 6 0 


2 3 9 


3 8 


4. 8 8 




10 0 0 


8. 0 


5 2 5 


1 5 5 


2 8 5 


4 2 


4. 9 0 




110 0 


5. 0 


5 2 9 


1 4 9 


2 8 0 


S 0 


4. 9 3 




12 0 0 


4. 0 


5 3 0 


1 2 0 


2 7 5 


5 5 


4, 9 5 


mm 2 


8 0 0 


1 5. 0 


2 5 0 


8 0 


9 9 0 


2 3 0 


3. 9 0 




9 0 0 


1 0. 0 


3 0 0 


9 3 


8 8 0 


2 8 0 


3.9 5 


UM9U 


10 0 0 


8. 0 


4 3 0 


1 4 2 


7 5 0 


3 8 0 


4. 1 0 


am 5 


110 0 


5. 0 


4 6 0 


1 4 3 


6 9 0 


4 9 0 


4. 2 Q 


ifcttff S 


12 0 0 


4. 0 


4 9 0 


1 5 0 


4 1 0 


5 2 0 


4. 7 7 



[0025]The calcinated Plastic solid used the same thing as Example 1. In the example by this invention, even 
if calcination temperature is low, sufficient magnetic properties and density are obtained. Although the 
comparative example 2 - the comparative example 6 at the time of changing calcination temperature were 
similarly shown in Table 2 about the Plastic solid of the comparative example 1, density sufficient below 
1200 ** and required magnetic properties were not acquired. 

Example 9 - Example 20: The result of Example 9 at the time of changing the quantity of a trace element - 
Example 20 is shown in Table 3. 
[0026] 
[Table 3] 



http://www4ipdlinpit.go jp/cgi-bin/tran_web_cgi_ej^ 5/19/09 



JP,06-290926,A [DETAILED DESCRIPTION] 



Page 7 of 10 







mm S 


&96 




ttft 
mm 


££i9 

w* 

mT 




g/m 9 








100kHz 
200dT 


500kHz 
50mT 




SIOj 


CaO 


TIO, 


V,Q S 




mT 




0. 005 


0.010 


0.010 




0. 005 


525 
52S 


153 
152 


295 
293 


37 
55 


4.85 
4.94 


&AOT10 


0.100 


0. 500 


0.498 


0. 100 

1/4 A WW 


0.099 


526 
528 


155 
152 


295 
286 


35 
55 


4.86 
4.93 


mtrnu 


0, 025 


a 120 


0. 1B5 


0.012 


a ioo 


527 
529 


153 
151 


292 
2B9 


45 
55 


4,83 
4.92 


mam 


0, 024 


0.110 


0. 190 


0 012 


0. 005 


520 
521 


158 
153 


288 
282 


35 
56 


4. 82 
4,93 




0. 025 


0.100 


0, 190 


0 100 

VI Jt WW 


0. 022 


522 
527 


167 
154 


296 
292 


45 
63 


4.88 
4.91 


HEtkMU 


0. 026 


0.110 


0.189 


0 005 


0. 023 


525 
529 


165 
155 


297 
294 


45 
68 


4.-87 
4.93 




0,024 


0,110 


0.500 


0 C12 


0. 022 


524 
528 


154 
152 


292 
289 


33 
69 


4.38 
4.94 




0.025 


0.120 


o.oio 


0 C13 

v. v*u 


0.022 


523 
527 


165 
160 


294 
286 


42 
69 


4. 89 
4.92 


SWSW17 


0.026 


a soo 


0, 190 


0.C12 


0.021 


521 
529 


152 
145 


294 
286 


55 
62 


4.81 
4.91 




0.025 


0.010 


0. 188 


0.011 


0. 022 


521 
528 


152 
155 


295 
288 


43 

45 


4.83 
4.89 


HWJ19 


0. 100 


a i lc 


0. 190 


0.012 


0. 021 


522 
526 


151 
165 


293 
296 


43 
64 


4.81 
4.91 




0.005 


0.110 


0. 190 

... i 


0.012 



0. 022 


523 
527 


156 
165 


235 
236 


35 
57 


4. 82 
4.89 



[0027]Principal component composition is the same as that of Example 1. That the column of the magnetic 
properties in Table 3 and the column of density have 2 numerical values is a case where the lower berth 
calcinates at 1100 ** like Example 1. 

It is a case where the upper row calcinates at 800 ** like Example 2. 

Both Example 10 - Example 20 have the magnetic properties and density of this invention. On the other 
hand, when it is the comparative example 7 - the comparative example 13 which the trace element shown in 
Table 4 lacked, the magnetic properties and density of this invention are not obtained. 
[0028] 
[Table 4] 
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t- 


i6J 








mm 


MM 


M^ffiCkA/m 3 ) 














100kHz 


500kHz 


ft / /%rr\ 3 

is/ cm 




SiO, 


CaO 


TiOj 


Vz0 5 


NbjO, 


mT 


mT 


J-U£Xt7'J / 


VJ 


n no 


fl 1 5iQ 


u. UIO 


fl fl9T 


470 


£30 

153 


995 

OfU 


530 


4.7 






n 

u 


fl 1Qfl 


fl fl19 


fl fl99 


z£4U 

465 


133 


890 

970 


630 

i o 1 rt 
1210 


4.8 






o 1 in 




fl ni9 


n n9*i 


93fl 

475 


yo 
173 


880 

870 


670 
ld^O 


A 1 

4.6 




fl fl9R 


n 1 1 n 








1 Qfl 

435 


145 


495 

ice 


130 
195 


0. O 

4.5 


M'Wffill 1 


0 Ci9A 




n 9fln 


n run 

U. U1U 


U 


I JO 

465 


145 


495 
482 


110 

195 


O. 4 

4.6 




n 
u 


n 
u 


n 1 7fi 


U. Ull 


fl flOfl 


9Rfl 

460 


Qfl 

143 


990 

77fl 


430 
1 ion 


9 Q 

4.6 




0 A?3 


0 inn 


n 


n 


fl 


465 


145 


995 
472 


230 
695 


4.7 



[0029]Example 21 - Example 32: Tales doses of trace elements to Example 1 are added, and the result 
about Example 21 at the time of changing principal component composition - Example 32 is shown in Table 
5. 

[0030] 
[Table 5] 
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imd 
mm 

mT 


as 

SSK 
mT 






lOOWte 
200nT 


500kHz 
50mT 


Pet Oi 


MnO 


ZnO 




73. 5 


2 0, 5 


6. 0 


522 
529 


152 
153 


294 
295 


26 
56 


4. 85 
4.93 




T 3. 4 


22. 5 


4. 1 


522 
527 


154 
152 


291 
284 


34 
58 


4,81 
4, 95 


3«W23 


7 3.5 


2 1,6 


4. 9 


521 
523 


152 
151 


290 
288 


43 

59 


4.82 
4.92 


Xlftffl24 


8 9. 7 


2 4. 3 


6. 0 


521 
522 


154 
153 


285 
281 


34 
60 


4.82 
4,91 




89. 6 


2 2. 5 


7. 9 


521 
528 


169 
150 


294 
290 


45 
63 


4.87 
4.95 




6 9. 4 

i 


2 3. 4 


7. 2 


524 
528 


168 
154 


299 
292 


42 
69 


4.87 
4.94 


WM27 


7 1. 0 


2 4.7 


4. 3 


523 
529 


156 
151 


291 
285 


47 
69 


4.88 
4.92 


&&PJ28 


7 0. 8 


2 4.3 


4. 9 


521 
52G 


163 
165 


294 
286 


42 

68 


4. 89 
4. 91 


&«0"J29 


7 1.4 


2 0. 6 


8. 0 


522 
528 


150 
147 


292 
287 


55 
63 


4.84 
4.93 




7 2. 5 


2 0.4 


7. 1 


522 
527 


151 
154 


296 
289 


37 
58 


4.86 
4. 89 




7 0. 6 


2 1.6 

« i 


7. 8 


521 
525 


156 
168 


292 
297 


43 
64 


4.81 
4.91 


£JfeM32 


7 2. 5 


2 3.5 


4. 0 


522 
528 


154 
167 


283 
283 


35 
57 


4.82 
4. 89 




5 8, 6 


2 0. 3 


1 1. 1 


430 
465 


168 
147 


475 
460 


180 
595 


4,83 
4.88 



[0031]When principal component composition is within the limits of this invention, the Mn-Zn ferrite magnetic 
material with high magnetic flux density and high density with a small loss with a low residual magnetic flux 
density is obtained. On the other hand, in the comparative example 14 from which principal component 
composition separated from the range of this invention, although sintered density is obtained, magnetic 
properties are getting worse. 

Example 33 - Example 37: Example 33 - Example 37 which changed principal component composition in the 
range of the 3rd invention were performed. All trace elements added only the same quantity as Example 1. 
The result of having investigated the density of the obtained baking body and the composition difference the 
surface and inside Zn is shown in Table 6. 
[0032] 
[Table 6] 



http://www4ipdlinpit.go.jp/cg^ 5/19/09 



JP,06-290926,A [DETAILED DESCRIPTION] 



Page 10 of 10 









7nf! cT)4Hfi?(Z) 

^ (MS*) 




Fe.Oj 


MnO 


ZnO 


PCiOs 


MnO 


ZnO 




87.1 
86.9 


9.8 
10.1 


3.1 
3.0 


87.0 
87.1 


9.8 
10.0 


3.2 
2. 9 


0 1 
0,1 


4 88 
4. 92 




50.2 
50.3 


10.3 

: 10.2 


39.5 
39.5 


50.0 
50. 1 


10.2 
10.0 


39.8 
39.9 


0.4 


4 83 
4.91 




10.0 
10.3 


50.1 
50.1 


39.9 
39.6 


9.9 
10.2 


49.9 
49.8 


40.2 
40.0 


0,4 


4 88 
4.93 




47.1 
4o. 9 


50.1 

CU. 1 


2.8 

0. U 


47.1 


50.0 
4y. y 


2.9 

O. I 


0 1 

0.1 


4 83 
4.93 




49.9 
50.2 

* 


25.1 
25.1 


25.0 
24.7 


49.9 
49.8 


24.9 
25.2 


25-2 
25.0 


0.2 
0.3 


4.86 
4.91 



[0033]That 2 numerical values are shown in this table 6 is a case where the lower berth calcinates at 1 100 *' 
like Example 1. 

It is a case where the upper row calcinates at 800 ** like Example 2. 

This result shows that the composition difference the surface and inside ZnO is acquired for 0.5 or less % of 

the weight of a Mn-Zn ferrite magnetic material within the limits of the principal component composition of 

3 

the 3rd invention as for more than density 4.8 g/cm . 
[0034] 

[Effect of the lnvention]By this invention, the loss at - with a frequency domain of 100 kHz 500 kHz could be 
reduced conventionally, and the low-loss Mn-Zn ferrite magnetic material with a low residual magnetic flux 
density with large saturation magnetic flux density was able to be provided. It made it possible to obtain high 
sintered density also in calcination of 1200 ** or less, and it became possible to provide the Mn-Zn ferrite 
magnetic material which was excellent in magnetic properties with little evaporation of Zn by low 
temperature baking. 



[Translation done.] 
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(19)0^ffl#fp^ CJP) (12) ^ ^ if^F =^= & $S (HMWfrMifH 

#!W6- 290926 



(43)£>ggB Tfig 6^(1994)10^185 



(BDintci. 5 m&m^ Jrn»s#^- f i stBa^SBf 

H 0 1 F 1/34 B 

C 0 1 G 49/00 B 

C 0 4 B 35/38 Z 



If^^3 OL (^ 8 M) 



(21)ttH#^ 



(22)*ffiB 



WIFPS -74302 



5^(1993) 3 i§ 31 B 



r~i 



(71) mHA 000006655 

5CB»=FftfflK*W 2TS 6# 3 

(72) fPJ^ feAif: mM 

»^;iimjiwm*JiK#Hi6i8#±tk tfs 

(72)#PJ^ &m m 

WaulURJIWrn^JHE^HlBlSSlfi SrB 

(72)3PJ3^ Alt Sg 

»Sill«JII«Fm*JSE*FH1618#ll& SfB 

(74)ftSA #&±r IE- W4«) 



(54) [»SG>:*W] Mn-Zn7x7^ h fflH£t*5Pf 



(57) [gift] 

[*JEft] ±f&frm$j)\ Fe 2 Os : 10— 8 7fiS 
%, MnO: 10 — 5 011%, Z nO : 3 — 4 Off 

%Tft § M n -Zn7x7>f h«ttWR!BPH»fc:. S i 
O2 : 0. 0 0 5 — 0. 10 011%, CaO : 0. 0 
1 0 — 0. 5 0 011%, Ti02 :0. 010 — 0. 
5 0 OfiS%, V2 O5 : 0 . 0 0 5 — 0 . 1 0 Off 



o 



Nb2 Os : 0. 0 0 5 — 0. 1 0 0 



IzmM, 8 0 0—1 20 0 o C^JK4EHT^jS^JK4 . 
ia«Ii*Mn-Zn7x7^ HBttttffio 



(2) 

1 

[IftSJBl ] ±S&frk LT. fiM%T\ MnO : 10 

— 5 0%. ZnO : 3— 4 0%. Fe 2 Os : 10 — 8 

7%. crym^^-h, mmjtmtLx, sio 2 : o. 

00 5 — 0. 100%, CaO: 0. 010 — 0. 50 

0%. Ti0 2 : 0. 0 1 0 — 0. 5 0 0%, V 

2 0 5 : 0 . 0 0 5 — 0 . 1 0 0%. N b 2 0& : 0 . 

0 0 5—0. i o 0%. &mmz&A,t:^ mmA. 8g 

/cm3 KJLb . ^tffi f: W) ZnO 0 . 5 fi 

t%£lTTM l :^^it«Mn-Zn7j:7>f N 10 

[if*3S2] tuie±^^ffl«^. s*%t\ Fe 2 o 

s : 7 1 . 5±2% 
MnO : 2 2. 5 ±2% 
ZnO : 6. 0±2% 

t Lfz, . 8 g/cms £Lb. mmmM^ms 2 0 

mTJlb, SfflKSEffiKl 7 OmTtlT, Km»JK2 OOi 
T, mmil 0 OkHz TWjM*tt^3 0 OkW/m^JjTF. 
^®S5 OmT. jf|^5 0 OkHz TW»*fi^7 OkW 
/m 3 JSJITTft S If 1 f 5$£<7)ffitl#; Mn-Zn^x 20 

[ft** 3] MnO: 10 — 5 0%. Zn 

0 : 3— 4 0%. Fe 2 Os : 1 0 — 8 7%. #>62:6 
Mn-Zn7x5>fHB8ftt, S i 0 2 :0. 0 0 5 

— 0. 100%. CaO:0. 010 — 0. 500%. 
T i 0 2 : 0 . 0 1 0 — 0 . 5 0 0%. V 2 O5 : 0 . 
005 — 0. 100%. Nb 2 O5 : 0. 005 — 0. 

100%. £mmmtLTmmzmtz>zti,z±K>, m 

0 0—1 2 0 OCT, . 8g/cm3 £i 

h SKWTOZnO^MitfO. 5M%OT 30 

[0 0 0 1 ] 

=&iftfO»t>»Wi: LTttffl3fLSfi«3feM n - Z n 7 x 
[0 0 0 2] 

»*m n-zn7x7^ »tt^<oHBfc&* *> s . en 

an-Zn7i7^f bBtttmfcLTIi. #i¥3- 
163803. WIHT 3 -141621. #BHT 3 -248403. #|?HT 
4 - 69905 . JffgRT 3 -223119. WlffiT 3 -254103. # 
1T2 -30660 . WIST 2 - 54901 s WUT2 - 54902 
. WHBT2 -122603. #IHT 2 - 124724. WHHT2-1 
83501. #ST2 -153501. WUST 1 -143307. #HST 

1 -259509. WMBS64- 79016 . #MHg63 -62206 . # 
^5363-255903. #130363-260883. #HM0g63- 14406 



#HT6 -2 9 0 9 2 6 

2 

[0003] R9T 3 - 141612-^fTCte . B - H 

/U— TCOtt^fflKjKWft B s /imm^mm Br^3. 0 
JJLh. ffl»»l 0 OkHz . mM^m2 0 OmT. SKI 0 
OCT<3D«3fe* s 4 5 0kW/m3 £lT^SJa*WISffl h 9 

yxTOljt-^7^faiiti(:j; ^ixT v ^ 

X-f »yf-V^jaiftSC3&Sl 0 OkHz ^A, 5 0 OkHz t^O 
iSJSft^fiLTV^S*!!*^. ffi£*£0 1 0 OkHz ^ 
i*<7)%fef 5 0 OkHz T'^ti*fcffiftW--&iff®3Ef s fc 

I44gfflt3*3 ft S ffiS* Mn-Zn7^7^ ffittW*^ 

[0 0 04] aff^ft»%Mn-Zn7x 

Mvy^'yMns 04 . iMiiiZnOJgW(iJ)o 

;W;TSSS^ts 0 act:. »6ftfc*5y-£9S* 
l. s 0 o°c- 1 1 0 ot^t^m-ts, BtW-JPS 

[0 00 5] £T. 3?H 

ncommmm^^y bn^iw^ 125 o°c- 1 3 

-f h®t^^HJ; 0 z n^Wgb^OTI^fflj^^b 
[0006] i^j:3^«3XbJTW^ 

fc. Wg|HB63-222018-^^&fc*T(±CaO, Si 
O2 , V 2 O5 , Ta 2 O5 , Sn0 2 , CuO, Na 
2 O, Ag 2 0«DiCi:DMSS^l 1 5 0°C^ 
TTtfSa^^SiLTV^o ^^c. WMT3 -268404 
^*T(± 1 1 0 0°CJ^±1 2 5 0°C*I^filT^t 

[0007] z n<^HSfet iiSBE^we^ft* 

ttmb<wtmk& mm izm&^t -m^tmm^ 3-4170 

[0008] 

SffilSl 0 OkHz —5 0 OkHz ^fc^Tffi^>/h§V\ 

^isim:, l 2 o ox:jaT<^^te»^Tt>lS^ffl«saf 

(TyJrtzX ^ . J8^^K1WX3tfi«5feM n-Zn7iM 



(3) 

3 

b mmm sew s *k » * . 

[0 0 0 9] 

( 1 ) LT. MA%X\ MnO : 1 0 — 5 0 

%. Z nO : 3 — 4 0%. F e 2 O3 : 10-87%, 

aMTC^^LT. Si 0 2 :0. 0 0 5 
— 0. 100%. CaO:0. 010 — 0. 500%. 
Ti 0 2 : 0. 0 1 0-0. 500%. V2O5 : 0. 
005 — 0. 100%. Nb 2 O5 : 0. 005 — 0. 10 

100%. zmmz^fz. mm4. sg/cm 3 m_t. 
mm t fttg-ce> z n o comjUMtfi o . 5 mm. xvxrxh 

( 2 ) ±f&ftt LT. fi*%T\ F e 2 O3 : 7 1 . 5 
±2%. MnO: 22. 5 ±2%. ZnO: 6. 0±2 
%. ^ffij^&R^. mMrjtmtLX. S i0 2 : 0. 0 
05 — 0. 100%. CaO:0. 010 — 0. 500 
%. T i O2 : 0. 0 1 0 — 0. 50 0%. V 2 O5 : 
0.0 0 5 — 0. 1 0 0%. Nb 2 O5 : 0. 0 0 5 — 

0. 100%. fr^mz-sAsfz, mm.A. 8g/cm 3 a 20 
±. t^mwB^2 ommji. m^mMmm 1 7 omT 

J2TF. HSBWK2 0 OmT. JfflSSl 0 0kHz 

#*3 0 OkW/m 3 ^iKfflg5 OmT. ffl88ft5 0 0 

kHz TCDim&Mtf7 OkW/m 3 fcTF. Z n O CO^Iffi h I*] 
WTtfOJlEriaS** 0 . 5 Sfi%OT^ffi**M n - Z n 7 

(3) ifc. £&#bLX* ii%tFe 2 0 3 : 7 

1. 5 + 2%, MnO: 22. 5 + 2%, ZnO: 6. 
0±2%. <7)fflj££j§£>. ^M7C*^LT. Si0 2 : 
0.0 0 5 — 0. 100%. CaO:0. 010 — 0. 30 
5 0 0%. T i 0 2 : 0 . 0 1 0 — 0. 5 0 0%. V 2 

Ob : 0. 0 0 5 — 0. 1 0 0%. Nb 2 Os : 0. 0 
0 5 — 0. 1 00%, ^R^:^Mn-Zn7x7 

J3Lt. ftWKKWKS 2 Omm±. S®«mWJKl 7 0 
iTHT, fflS*^2 0 OmlXmmfcl 0 0kHz TcOH* 
fi#3 0 OkW/m 3 ±TF. ffimmg.5 0mTT'JfSSR5 0 
0kHz T<7)a*ffi^7 OkW/m 3 filT\ ZnO<7)*tffi£ 
iWC^fflfRI!** 0 . 5 S*%OT^t&fM*M n - Z n 
7 x 5 >f HKtttfW^. 4fM?fl^8 0 0 — 1 2 0 0 40 
ttJft"Cf§£>fU 1 1 0 OT;jaTcofflUK*«rffif: Lfc. 

[ooio] ±m&ttcommi±<k^m&izj: vm^zti 

fcRRSSUi. LT, *IMHfiO»**. «K#4. 8g 
/cm 3 JSLhfciSv^i:. ZnO^fflfcrtgR-COfflfiEU 
#0. 5 £a%I2TPC£> & <I £ . 80 0 — 1 2 0 OW 

MnO : 10 — 50%. ZnO : 3 — 40%. 
Fe 2 Os : 10—87%. btc&o 50 



#SFF6--2 9 0 9 2 6 

4 

[0011] S i 0 2 , C aCWfflfflJi. ±iETRBffiJa 
TT(±5 0 0kHz -CCOajfe^^ftL. 3 0 0kW/m 3 fil 

Ht<SB«fc6W<**fc»KRRSL)t. TiO 
2 ifi±3dXM£*ltii> k , TRSfilsiTTa 5 0 0kHz r 
«^HL 3 0 0kW/m 3 BLtfc^rO. -hlEJiRRffl 

[0012] V 2 O5 , Nb2 0 5 commi±, ±IETPfi 
ttiaT<50a«Kfc^T. 8 0 0—1 20 OTOM^ff 
^-Tix^M*S^Jg4 . 8g/cm 3 ITFh&O. IS 

mmmmmh 5 2 omm±^^ir. jjejmeu: 
xm^n^izmi^m^, 100kHz . 500kHz z 

^^S*ti«<^5^<:i7)J; 3I« 0 cities 

1 O2 , CaO, T i O2 , Vs O5 , Nb 2 Ob <7y^ 

kfflaS»JKS4. 8g/cm 3 KLLfcf SfcfeKtil 2 0 

0 °ClaJLtT^^S<;^g fc £ 0 . z n <rmgtffi 

&<%&tz*bznocDmmtftffixwm£M&o. 5s 

i%tl±t^TLii 0 
[0013] £tz^ *^0JOffiJft*M n - Z n^x^-f 
b^tt^fflfi. 800 — 1200 *CT 5 HSHKpfe 1 5 H# 

[0014] 

[fNffl] OkHz . 2 0 OmT^lR* 

«3&«3 0 OkW/m 3 J^T. t^telB#^5 0 OkHz . 5 0 
mTTCOtS*fifc7 0kW/m3 i3TFim^tVk 0 
^. a^lR3tLT^S*Sl^^I^0fill*tJ^l 0 0 
kHz . 2 0 0mTtf04^ffli4 1 OkW/m 3 ( 1 0 0°C) 

T\ SJSiftffi«*Wk LtftSl/^^Wf4^5 0 OkH 

z . 5 0mTc^&Sffit±8 OkW/m 3 ( 1 0 0°C) "C* 

[0015] *^BJtc J: 0 , ^*«T'«i4 . 8 g 

/cm^ JSlTf* 4. 8g/cm3 JJLhfc^: 

2 0mTJiLhi;5r-5 3to S®^^Jtt> 1 7 OmT 

[0016] ^f&HJOM n-Zn7i7^ hffittWff 
l*t?Mn-Zn7i7^ 1»S»W1 2 50- 

1 3 5 0°CcO^SgHT-M*S$fLT i: -6 . 8 0 0 

—1200 r^ifljstgHTw^^tgrS) o . mm^ 

MttW^cO^S i; l^gEW z n O crtffl&Mtf 0 . 5 MM% 
JSLh*6 1 5 , 0 . 5Sfi%MTtc|TPi. A>ix. 



(4 ) 
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[0017] 

im&M] UlT, £{£fB*M n-Zn7i5 

SIJftMl : Fe 2 0 3 4*7 1. 011%, MnOtf2 
3. 011%, ZnO#*6. omm%<7y$MLbt£h£3 
fc, Fez Os , Mns 0 4 , ZnO^^|f50 0 gff 

ML. *«7K5 0 0 gfcR^fc:^— /PS/WdTS^Lfco 
££)»*«HftL. 800°C, 2fflt«U S i 0 2 
£0. 0 5 011%, CaCOs KaOittO. 2 
0 011%, Ti0 2 £0. 4 0 011%, V 2 0 5 £ 
0. 0 4 0fifi%, Nb 2 0 5 SrO. 0 5 0fi*%£J[] 



[0 0 18] %t>tifzmzpv A (^ijt-^;W3 

-;i^> & *##*3. o + o. 5%t^s 

m, ffi$6mm^y^^^J±^2. 5 ton/cm 3 
XjfiJK Lfc o ^ ^J5^#:£r 5 0 0 *C 4 5 e C/hrT#S 
11 0 0°CStl 0 0°C/hrT#aLfco 1*8 0 
0 £*gA L , S*5ftJK 0 . 7 4 %<7) 

^H^KflJOBtifc. 1 1 0 0°ac»L^f*5^«» 
L. KSiiKSMIIIL^fe 5 0 0°C^T*1 5 0°C/hr 

TBiBL. -¥-*Ua»{4JP>&Lfco 
[0 0 19] Zco£olzLXmzV>7l£^TlzWm2 

f**Att«) ^SBfeataSLfct: <T^>, 1 0 OkH 
z , 2 0 0mTT2 8 OkW/rn 3 (8 0°C) , 5 0 0kHz 



10 



20 



, 5 OmTT'5 OkW/m 3 (8 0t)%^ Sfc, 
^fi2 5°CT^PSUffi^8 0 0 A/mfc&lf&mtffi£9l 
BBBBBE«»JKS»eLfci:i*. **i^5 2 9m 
T, 1 4 9mTTfcoJt e 10 0°CT1i, ^tl^tlA 1 Om 

mm±A . 9 3 g/cm 3 T*ofco 
£ffcffl|2 : HJfcffll t H«tLTfHRLfc*»** 5 0 
0°CtT5°C/hrT'#SL. 8 0 O a CtTl 0 0°C/hr 
t#fflLfcc 8 0 0 6 Ct#iM«Dii, lSBSafifc 

SL. ^««*JM»L&#*£>5 0 0°CiT"l 5 0*C/ 

[0020] <r x a t LT#5t y yrnta r^a^ffl 

ISLfci:^*. 100kHz, 2 0 0mrC2 9 5kW/ 



m 3 (80t) . 5 0 0kHz, 5 OmTT'3 9kW/m 
3 ( 8 0°C) T°S>ofc 0 Mi^2 5^EPJffl»#8 



0 0A/mKfcft£ttftl8m«9L »Sfi£3l^J£S:8!J5e 
Lfciii, -etL^tL5 2 2mT, 16 8iTO^fc, 1 
0 0°CTtt. ^Wil4 0 0mT, 6 5mrC#>o3fc e £ 

/cm 3 -C*o?fc. 

1856199 3 : ^« LfcMn-Zn7x7^ IttflSOS 
ttM2^U>'^r?roBTffi*W*L. XPSC±^ 

M#ifif: i: d h . m 1 <?!)teBi£» 

[0021] 
[*13 









ZnO ©iffifiS© 


Fe 2 0 3 


MnO 


ZnO 




MnO 


ZnO 


Hffi^H 1 


71.7 


22.6 


5.7 


71.5 


22.3 


6.2 


0.5 




71.6 


22.5 


5.9 


71.6 


22.4 


6.0 


0.1 




68.5 


20.3 


11.2 


68.5 


20.3 


11.2 


0. 1 




72.0 


22.7 


5.3 


71.6 


22.3 


6.1 


0.8 



[00 22] ttfflM Hi, F e 2 Os ifi. 7 1 . Oil 40 
%„ MnO^'2 3. OMM.%, ZnO^'6. OfiM%& 
£j£#fc LT»*>, m*Wf%k LT S i O2 SO. 0 
1 511%, CaO&O. 0 6 5SS%2r#fr5IJi4f?iJl 
t|Hl«tLT#3t)3g^*S 1 3 0 0*CCfli^Lfc^3fe« 
JSfci*Mn-Zn7x9-f bBffiffRTftl. 4 
fc, fS*M3(±, ±ft#SJ£&£tt0* l fcUWSrO, fit 

[00 23] «t SUtt^I 1 , SOt«2T'«, Z 

n O tfO*ffi#j£ t ^\>m<?M$im£ 0 . 5 MM%IilTf^ 



[0024] 
[*2] 



(5) #fflT6-290926 
7 8 





CO 


Ch r) 


$m&3K 

SEJSBs 
CmT) 


flB, 
CmT) 


il&MCkW/m 3 ) 


E/cm 3 


lOOkHZ 
2G0mT 


500kHz 
50mT 




8 0 0 


1 5. 0 


5 2 1 


i e 8 


2 9 5 


3 0 


4. 8 7 




9 0 0 


1 0. 0 


5 2 2 


1 6 0 


2 3 9 


3 8 


4.8 3 


5BSW6 


10 0 0 


8. 0 


5 2 5 


1 5 5 


2 8 5 


4 2 


4.9 0 




110 0 


5. 0 


5 2 9 


1 4 9 


2 8 0 


5 0 


4.9 3 


Jtffiff»J8 


12 0 0 


4. 0 


5 3 0 


1 2 0 


2 7 5 


5 5 


4.9 5 


itKH 2 


8 0 0 


1 5. 0 


2 5 0 


8 0 


9 9 0 


2 3 0 


3.9 0 




9 0 0 


1 0. 0 


3 0 0 


9 3 


8 8 0 


2 8 0 


3.9 5 




10 0 0 


8. 0 


4 3 0 


1 4 2 


7 5 0 


3 8 0 


4. 1 0 


ibSM 5 


110 0 


5. 0 


4 6 0 


1 4 3 


6 9 0 


4 9 0 


4.2 0 




12 0 0 


4. 0 


4 9 0 


1 5 0 


4 1 0 


5 2 0 


4. 7 7 



[0025] ML«ftii»ii tmm<oi>cD£ *^m&t^m^m%m^tim^tL^->ti. 
m&mz-o^x, mm^«.^x.tzt%^coimm2^)A: 1 0 0 2 6 ] 

KM6Sr|5lb<*2^L/t^\ 1 2 0 0 'CaTXUJt * 







mm 

mT 


mi 
mm 

mT 




%/cm* 


100kHz 
200bT 


500kH2 

soar 




CaO 


TlOt 


YiO* 


Nb 2 0 s 


mm 9 


0. 005 


0.010 


0.010 


0.006 


0.005 


525 
528 


153 
152 


295 
293 


37 
55 


4.85 
4.94 




0- 100 


0. 500 


0.49B 


0. 100 


0.099 


526 
528 


155 
152 


295 
286 


35 

55 


4.86 
4.93 




0. 025 


a 120 


0. 185 


0.012 


0.100 


527 
529 


153 
151 


292 
289 


45 
55 


4.83 
4.92 




0. 024 


0.110 


0. 190 


0.012 


0. 005 


520 
521 


158 
153 


288 
282 


35 
56 


4.82 
4.93 


JfettPJL3 


0. 025 


a ioo 


0, 190 


0. 100 


0. 022 


522 
527 


167 
154 


296 
292 


45 
63 


4.88 
4.91 


ftffi9JL4 


0. 026 


0.110 


0.189 


0. 005 


0. 023 


525 
529 


165 
155 


297 
294 


45 
68 


4.-87 
4.93 




0.024 


0.110 


0.500 


0.012 


0. 022 


524 
528 


154 
152 


292 
289 


33 
69 


4.88 
4.94 




0.025 


0.120 


0.010 


0.013 


0. 022 


523 
527 


165 
160 


294 
286 


42 
69 


4. 89 
4.92 




0.026 


a 500 


0. 190 


0.012 


0. 021 


521 
529 


152 
145 


294 
286 


55 

62 


4.81 
4.91 




0.025 


0.010 


0. 188 


0.011 


0. 022 


521 
528 


152 
155 


295 
288 


43 
45 


4. 83 
4, 89 


H»J19 


0. 100 


0. 110 


0. 190 


0.012 : 


0. 021 


522 
526 


151 
165 


293 
296 


43 
64 


4. 81 

4. 91 




0.005 


0.110 


0. 190 


0. 012 


0. 022 


523 
527 


156 
165 


285 
286 


35 
57 


4. 82 
4.89 



[0027] ^mmimmm 1 1 nmT$> s . & ^ o . ±mmmm 2^»soo °ct«m 



(6) SIf 6-290926 

9 10 
4 £5fr?mm^ti s Xi*MtMtM 7 ~it«M 1 3 C0*^ * [0028] 









ma 

mm 

mT 


9m 
mm 




a / pm^ 




100kHz 


500kHz 

uUfitl 




Si0 2 


CaO 


Ti0 2 


VsO, 


MhO, 


mT 




n 


n Tin 




U. UIO 


VJ. 


470 


OU 

153 


995 

S7fl 

o f U 


530 

1 Alfl 


4.7 




0 025 




u» ijy 






PAD 

465 


133 


890 

Q7fi 

y r u 


630 
1 9in 


A 1 

4.8 




0. 024 


0. 110 


0 


0.012 : 


0. 023 


475 


173 


880 
870 


670 
1320 


4.6 




0. 025 


0. 110 


0.180 


0 


0. 021 


190 
435 


46 
145 


495 
422 


130 
195 


3.3 
4.5 




0. 024 


0. 120 


0.200 


0. 010 


0 


198 
465 


45 
145 


495 
482 


110 

195 


3.4 
4.6 




0 


0 


0. 170 


0. Oil 


0. 020 


250 
460 


80 
143 


990 
770 


430 
1120 


3.8 
4.6 




0. 023 


0.100 


0 


0 


0 


240 
465 


80 
145 


995 
472 


230 
695 


3.9 
4.7 



[0 0 2 9] |Q*M2 1 — mM9\3 2 : Hffi^J 1 t 3* [0030] 

2 1— SS!*M3 2fco^T<50fe***5fc^. 5SS 



(7) #If 6-290926 



11 12 







ta-fa 

mT 


ms 

mT 






100kHz 
200nT 


500kHz 
50mT 


Pet Oi 


MnO 


ZnO 




7 3. S 


2 0,5 


6. 0 


522 
529 


152 
153 


294 
295 


36 
56 


4.85 
4. "93 




7 3.4 


22. 5 


4. 1 


522 
527 


154 
152 


29 L 
284 


34 
58 


4. 81 
4.95 


3SffifRJ23 


7 3.5 


2 1.6 


4. 9 


521 
523 


152 
151 


290 
288 


43 

59 


4.82 

4,92 




B 9. T 


2 4.3 


6. 0 


521 

522 


154 

153 


285 
281 


34 
60 


4.82 
4. 91 




6 9.6 


2 2. 5 


7. 9 


521 
528 


169 
150 


294 
290 


45 

63 


4.87 
4.95 




6 9. 4 


2 3. 4 


7. 2 


524 
528 


168 
154 


299 
292 


42 
69 


4.87 
4.94 




7 1.0 


2 4.7 


4. 3 


523 
529 


156 
151 


291 
285 


47 

69 


4.88 

4.92 




7 0, 8 


2 4.3 


4. 9 


521 
526 


163 
165 


294 
286 


42 

68 


4. 89 
4. 91 




7 1.4 


2 0.6 


8. 0 


522 
528 


150 
147 


292 
287 


55 
63 


4.84 
4.93 




7 2.5 


2 0.4 


7. 1 


522 
527 


151 
154 


296 
289 


37 
58 


4.86 
4. 89 




7 0,6 


2 1.6 

■ 


7. 8 


521 
525 


156 
168 


292 
297 


43 
64 


4.81 
4.91 




7 2.5 


2 3.5 


4. 0 


522 
528 


154 
167 


283 
288 


35 
57 


4.82 
4. 89 




6 8. 6 


2 0. 3 


1 1. 1 


430 
465 


168 
147 


475 
460 


180 
595 


4.83 
4.83 



tvtifz imm 1 4 T-ti . tmmmm t> fix v , m 
mmtmitLx^&* 

mm 3 3~HJ£M3 7 : ±j£4HHj££ffi3<a&HJ|<7Dfli* 



[0032] 
[*I6] 



(8) #If 6-290926 



13 14 









Mi 1*3 SB© 
ZnO <D$BM<D 




FeiOa 


MnO 


ZnO 


FezOs 


MnO 


ZnO 




87. 1 

86.9 


9.8 
10.1 


3.1 
3.0 


87.0 
87.1 


9.8 
10.0 


3.2 
2.9 


0.1 
0.1 


4. 88 

4. 92 




50.2 
50.3 


10.3 
10.2 


39.5 
39.5 


50.0 
50. 1 


10.2 
10.0 


39.8 
39.9 


0. 3 
0.4 


4. 00 

4.91 


3ESSM35 


10.0 
10.3 


50.1 
50.1 


39.9 
39.6 


9.9 
10.2 


49.9 
49.8 


40.2 
40.0 


0.3 
0.4 


4. 88 
4. 93 




47.1 
46.9 


50. 1 
50. 1 


2.8 
3.0 


47. 1 
47.0 


50.0 

49.9 


2.9 
3.1 


0. 1 
0.1 


4. 83 
4. 93 


mmmi 


49.9 
50.2 


25.1 
25.1 


25.0 
24.7 


49.9 
49.8 


24.9 
25.2 


25.2 
25.0 


0.2 
0.3 


4. 86 
4.91 



[0 0 3 3] z<nmetz2^mBififoh<r>\*. 
ttffll k X d iz 1 1 0 O^CCWUKLfc^T* 9 . 

«JK4. 8g/c# flLb. ZnO^Itrat« 
[0 0 34] 



5 0 OkHz fcfcvvc<^S£c*fi!*J: 9 ffiSW" £ £ f: 

O^&V ^ . OSW^fctthJte Mn-Zn7x7^ ffitt 



